and tracking multiple satellite systems (e.g. GPS [global positioning systems], GLONASS, BeiDou) to provide the best possible positional information, while Viper units are based only on GPS [6].
INTRODUCTION
The monitoring of external load metrics such as total distance, high speed running, and peak velocity (Vpeak) via global navigation satellite systems (GNSS) is now commonplace at the elite level of team sports [1, 2] . GNSS-based metrics are used at the elite level to help coaches make daily informed decisions, which can ensure adequate recovery among training sessions and have a critical impact on the maximization of physical adaptations during the training process [3] .
Large variability in accuracy between manufacturers' models and units has been previously identified [4, 5] , which may significantly undermine practitioners' ability to monitor and plan training effectively.
STATSports GNSS (Viper and Apex units) are among the most common devices used in elite sports (e.g. English Premier League), and their validity have been previously reported over 20 m [4] [5] [6] [7] .
The main difference between the two GNSS is that the Apex, which is the newest model released by STATSports, is capable of acquiring linear sprint without changes of direction. Sprint distance was determined in advance by a meter tape and marked with cones. Sprinting distances were categorized as 5-10 m, 10-15 m, 15-20 m, and 20-30 m. Prior to each protocol, participants were required to stand still for 10 seconds at the starting point to facilitate data analysis, then they were required to maximally sprint to replicate competitionspecific conditions. Apex and Viper data were downloaded and further analyzed by the respective software (Apex 10 Hz version 2.0.2.4
and Viper version 1.2).
Statistical analysis
A total of 1271 trials were analyzed in the current investigation, which were divided into 436 trials used to test Apex inter-unit reliability, 464 trials to test Viper inter-unit reliability, and 371 trials to test Apex and Viper inter-model reliability. All descriptive data were presented as means ± SD. The inter-unit and inter-model reliability was calculated by the intra-class correlation coefficient (ICC), which was interpreted accordingly: ICC ≥ 0.9 = excellent; 0.9 > ICC ≥ 0.8 = good; 0.8 > ICC ≥ 0.7 = acceptable; 0.7 > ICC ≥ 0.6=questionable; 0.6 > ICC ≥ 0.5 = poor; ICC < 0.5 = unacceptable [13] . Technical error of measurement (TE) was calculated using the following formula: TE=SD . √(1-ICC) [13, 14] .
TE was also reported as the coefficient of variation (CV), which was considered good when < 5%. Between-unit and model analysis was 
MATERIALS AND METHODS

Subjects
Ten male team sports players were enrolled (mean ± standard de- Vpeak= Peak velocity, ICC = intra-class correlation coefficient, CI = Confidence Intervals, m = meters, s = seconds. Tables 1 and 2 . Between-unit and between-model analyses are reported in Table 3 . Between-model analysis (Apex vs. Viper) revealed a significant difference (delta difference, 95% CI) in Vpeak in 
RESULTS
Inter-unit reliability and inter-model reliability analysis is reported in
DISCUSSION
Apex inter-unit reliability for Vpeak was excellent for all distances,
whereas Viper (10 Hz) units showed good to excellent reliability.
Both models presented a CV < 5% (good), but Apex units reported lower values than Viper units. Significant differences between the two models exist in Vpeak for sprints from 5-10, 10-15 m, and overall (from 5 to 30 m).
The development of monitoring tools is rapidly improving, with a great deal of interest and investment being placed in the monitoring of training load [4, [16] [17] [18] . Nonetheless, the validation and reliability of such monitoring tools are often lacking [6, 8] . This study involves a very large number of sprints, consisting of 436 (Apex vs. may also arise due to the different algorithms that can be applied and used with advances in technology or differences in the filtering techniques adopted [4, 8] . The differences found between the Apex [19, 20] , above all when comparing the data between other devices, while the speed data should be used with caution because these devices were not validated for a short distance (less than 20 m).
reported a nearly perfect correlation (r = 0.96) during a 20 m sprint, with no significant difference between the two tools (p = 0.32), and good inter-unit reliability expressed as CV = 2.3% was found during a 20 m sprint [6] . Recent research found that Apex inter-unit reliability of maximal speed (tested using a sprint sled) showed a CV = 1.9% [4] , which is in line with previous inter-unit reliability scores [6] . The present research agrees with the findings previously reported in the literature and add that the Apex GNSS model is reliable to evaluate Vpeak from 5 to 30 m distance ( Viper units have error that increases as the distance decreases (from 20 m to 5 m) [7] . Moreover, Vpeak recorded by the Viper units showed a significant difference (p=0.045) compared to a gold standard measure [5] .
The current research supports the knowledge that reliability values reference of specific GNSS units and should not be extended to other models since significant differences were found between the two models (Table 3 ) [8] . Such differences exist for short sprints (from 5 to 15 m), but do not exist for longer distances (>15 m).
Specifically, previous research has attributed improved accuracy of positional information to the Apex (10 Hz multi-GNSS) model due to its enhanced ability to acquire and optimize satellite system reception [6] . Such information (satellite connection) is not reported by the Viper model, and therefore the authors cannot prove that this is the main factor responsible for such differences, which may be considered a limitation of the Viper units. Possibly, the Vpeak differences
